
































































































































































































4-22 Direct tkmory Access 

Direct tv\emory Access (DMA) refers to the ability to transfer data from an Va device into 
main memory or from main memory to an Va device with a minimum of interference with the 
on-going SCU operations. Using the fast-interrupt approach, one fast interrupt is treated as a 
scratch pad/main memory write request, and the other as a memory read request. So far, this 
use of the fast interrupts is no different from the approach for a single high-speed device. 

In the mul tiple-device approach, however, each Va device controller has a scratch pad/main 
memory address register and a method of getting the register contents on to the B-Bus when the 
interrupt micro instruction is executed. Moreover, all the device controllers are assigned a 
common Va address, called the DMA channel address. Priority among the device controllers on 
the DMA channel is resolved by a priority chain. However, each device controller also responds 
to a different and unique Va address for other purposes, such as initializing and terminating a 
transfer operation. 

In operation, then, the micro instructions in the fast-interrupt control-memory locations address 
the common DMA channel, but only the device controller with the highest priority assignment 
of those ready to transfer or receive data responds. The response consists of placing the current 
address from its scratch pad/main memory address register on the B-Bus and, (in the case of 
transfers-in) placing input data on the A-Bus or, (in the case of transfers-out) acquiring data 
from the C-Bus. During the same micro instruction period, the SCU uses the memory address 
on the B-Bus to write data from the A-Bus into scratch pad/main memory or to read data from 
scratch pad/main memory to the C-Bus. Thus, in DMA operation, a single micro instruction 
accompl ishes a transfer-in or a transfer-out. 

The I/O device controller in the next highest priority position, if one is ready, can make a 
transfer in the second-next micro instruction period. In this way, a number of I/O devices can 
interleave data transfers by means of the fast interrupt capability. Any number of Va devices 
can use this DMA interface; however, a I imit is set by the necessity to keep the combined band­
width of the devices within the DMA channel bandwidth of 1. 428 megawords per second, scratch 
pad, or 714 kilowords per second, main memory. 

The essential elements of an Va modu Ie for the DMA interface, shown in Figure 4-18, are a 
data buffer register, word count register, memory address register, and multiplexer to A-Bus. 
The common DMA channel address is used for data-transfer purposes, denoted by (1) on the 
diagram. The second address, unique to each I/O device controller, is used for passing control 
information such as device initialization, word count register setUp, memory address register 
setup, to the device controller, and for passing status information to the SCU. These purposes 
are denoted by (2) on the diagram. In addition, the contents of the data buffer register and 
the word count reg ister can be mu I tiplexed to the A-Bus for test purposes. 

Figure 4-19 is a block diagram showing a series of Va devices and device controllers connected 
to the tri-bus structure of the SCU. For this example, device address 0 has been arbitrarily 
assigned to the common DMA channel. 
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4-23 Programming Direct Memory Access 

The two fast interrupts are each dedicated to data transfer in one direction. The higher priority 
interrupt (control memory location x '6 1

) is assigned to data input to scratch pad/main memory 
and the lower priority interrupt (location x '7

1
) is assigned to data output from scratch pad/main 

memory. 

Programming the DMA makes use of the following command assignments in the 10 Control field. 
No additions or alterations to this list are allowed. 

10 Control 

24 25 26 27 Hexadec imal 

000 0 -0 

000 

0 0 0 2 

0 0 9 

0 0 A 

x 0 0 4 or C 

Function 

No action 

Read input data from user to A-Bus; transfer memory 
address to B-Bus. 

Write output data from C-Bus to user; transfer 
memory address to B-Bus. 

Read data buffer register to A-Bus. 

Write data from C-Bus to data buffer register. 

Disable both fast interrupts. 

These commands are described below. 

10 Control = x ' l l, along with 10M = 1 and Branch Control = x '3 1
, is decoded by all Va modules 

sharing the DMA channel. The Va module (with the highest priority having an interrupt pending) 
suppl ies both the data to be stored and the memory address where it is to be stored. The data is 
placed on the A-Bus and the memory address on the B-Bus. The micro instruction for this function 
is placed in control memory location x '6

1 and appears as follows: 

Read data and memory address from user: 

Location x '6 1
: xlnOOO 301m' 

II Device Select portion of DMA oddress 

Read data and memory address from 10 modu Ie 

Write scratch pad/main memory 

"'----- RA Select portion of DMA address plus 10M = 1 
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10 Control = x'2', along with 10M = 1 and Branch Control = x'2', is decoded by all Va 
modules sharing the DMA channel. The VO module (with the his;hest priority) supplies the 
memory address of the scratch pad/main memory location in which the data for the user is to 
be found. This memory address is placed on the B-Bus. Data from scratch pad/main memory 
is taken from the C-Bus by the Va module for transfer to the I/O device. The micro instruction 
for this function is placed in control memory location x'7' and appears as follows: 

Read scratch pad/main memory address, write data to user: 

Location x'7': x'nOOO 202m' 

I LDevice Select portion of DMA address 

LWrite output data to user, read memory address to B Bus 

Read scratch pad/main memory 

II----RA Select portion of DMA address plus 10M = 1 

10 Control = x'4' or x'C', along with 10M = 1, is decoded by all Va modules sharing the DMA 
channel. These codes disable the Fast Interrupt Request I ines from the DMA channel to the SCU 
and, consequently, disable the user's ability to write into or read from scratch pad/main memory. 
These codes would be used in an executive routine or priority driver or in a power shut down 
sequence. The fast interrupts on each Va module must be re-enabled separately, using the 
command/status device address. 

-- - • ...... _.1 .. .,.....,.,1; •••• II 111'/"""" I I I •• 1 n. ...... A I I 
IU Lontrol = X"A", along wlTn tUM = I, IS aecoaea Dy all 1/ v moaUles snaflng rne LlIV,,", cnarmtn. 

This code takes data from the C-Bus and stores it in the data buffer register. A particular data 
buffer register is selected for test by disabling all Va modules on the DMA channel by means 
of 10 Control = x'4' or x'C' and re-enabl ing one Va module by means of the command/status 
device address. This operation tests the functioning of the DMA channel, DMA address 
decoding, and the data buffer register on the selected Va modu Ie. This test is similar to 
writing data to an Va module. This code is handled as an in line micro instruction, not one 
executed from the fast-interrupt control memory location and therefore is not dependent on 
whether an interrupt is pending. 

10 Control = x'9', along with 10M = 1, is decoded by all Va modules sharing the DMA channel. 
Th is code transfers data from the data buffer reg ister to the A-Bus. It is then up to the rest of the 
micro instruction to determine what to do with the data on the A-Bus. This code is used in 
conjunction with x'A' to check the data buffer register and DMA address decoding. 

Programming for the command/status interface (which is the one addressed by the second, un ique 
address on each VO module of the DMA type) is not restricted, with one exception. Provisions 
must be made in the command structure to enable each device controller individually to use the 
fast interrupts and to disable all device controllers together from using the fast interrupts. 
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4-24 Priority Chain 

The priority chain, shown in Figure 4-20, determines which device controller may respond to 
the DMA address. Each device controller must provide th is log ic for each fast interrupt used 
(some controllers may not require bi-directional data transfer). Figure 4-21 shows a typical 
interrupt request fl ip-flop. 

The equations for the priority chain are as follows: 

FlnPRln+1 = FlnPRln. NPRICONT 

(This equation must be implemented with a Schottky gate with a maximum propagation del ay 
of 7.5 nanoseconds.) 

Set PRJCONT = FIn PRln. NFln. SET. PHI 

Reset PRICONT = FlnPRln. 10MME(DMA). READ. PHI + FIDISABLE 

where SET = output of the interrupt request fl ip-flop if that fl ip-flop is not clocked 
by PHI, or the J input signal to the interrupt request fl ip-flop if the fl ip-flop is clocked by PHI. 

FlnPRln+1 = the priority string output signal 

FIn PRln = the priority string input signal 

10MME(DMA) = the decoded DMA channel address anded with 10M 

READ = Read command, x'2', decoded from the 10 Control field. Use Write command 
for Fast Interrupt 1 and Read command for Fast Interrupt 2. 

FIDISABLE = Fast Interrupt Disable fl ip-flop, set by 10 Control = x'4' or x'C', 
Disable Fast Interrupts 

4-25 "kmory Address to B-Bus 

The B-Bus Control logic, shown in Figure 4-22, gates the output of the scratch pad/main memory 
address register to the B-Bus when 10 Control = x'l' or '2'. The memory address is needed by 
the SCU whenever a transfer- in or a transfer-out is made. 

The equation for the memory address transfer term is as follows: 

BXMA = FIl PRln. 10MME(DMA). WRITE + FI2PRln. 10MME(DMA). READ 

Schottky gates shouid be used where indicated on the diagram in order to guarantee that the 
memory address is stable on the B-Bus within 100 nanoseconds after PHI, as described in sub­
section 4-6. 
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Figure 4-20. Priority Control Logic (Mandatory) 
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Figure 4-21. Request Control Logic (Typical) 
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Figure 4-22. B-Bus Control Logic 
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The same terms are requ ired as the input of an open collector TTL gate, Xerox TN510 or equiv­
alent, to drive NINHB. This signal inhibits the SCU from placing other data on the B-Bus. 
Also, N IN HB must be stable within 80 nanoseconds after PHI. 

Figure 4-23 is a timing diagram showing the various interface signals when two device controllers 
of the DMA type request interrupts simultaneously. The timing assumes the interrupt request 
(REQREAD) is implemented as depicted in Figure 4-21. 

4-26 MECHANICAL AND CABLING REQUIREMENTS 

The SCU is made up of a group of TT-size modules housed in a double-high T-series chassis. 
Within this chassis module locations are provided for several I/O modules which interface 
directly to the SCU tri-bus structure. An optional I/O Expansion Chassis provides additional 
Va module locations, which also interface directly to the SCU tri-bus structure. Signal 
assignments at all I/O modu Ie locations are identical, except for priority string assignment; 
consequently, any Va module can be plugged into any I/O module location. 

Figure 4-24 shows the outl ine and dimensions of a TT log ic modu Ie. Figure 4-25 shows another 
TT module version with front-edge fingers for connection of ETll cable connectors. As many as 
56 Va signals may be taken off the module through these connectors, using twisted pair, coaxial, 
or individually shielded multiple conductor cable. Either module type may be used for Va 
module design. 

When the module land area requires the use of more than one module per Va controller, two 
modu les may be sandwiched together with interconnecting pins and receptacles, Xerox 227130 
and 201818 respectively, as shown on Xerox Specification, ~dule Assembly, 201050. Stiffeners 
must be used. ~dule marking requirements are contained in the foregoing specification. 
Environmental requirements are found in Xerox Specification, Standard Environmental Class B 
Equ i pme nt, 185631. 

Sandwich or II p iggyback II module assembl ies can be accommodated only in certain prearranged 
I/O module locations in the SCU and the Va Expansion Chassis. 

4-27 STANDARD INPUT/OUTPUT MODULE 

The Standard Input/Output IVodule (SIaM) provides a general interface between the SCU and 
external devices that can be used for many appl i cations. 

The backplane of the basic SCU chassis is wired to accept up to six standard or special input/ 
output modules. Additional Va locations are available in the Va Expansion Chassis. The 
backplane interface signals are I isted and defined in Section 4-7. 
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Figure 4-23. Timing Diagram, Fast Interrupt Priority Control 
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The SIaM provides two general-purpose 16-bit bidirectional input/output buses with buffered 
output. The SIaM responds to two 7-bit addresses and places the corresponding interrupt 
addresses on the A-Bus. Up to 128 bidirectional input/output buses, encompassing 2048 bits 
of input/output, are available with each SCU. 

Connection from the front edge of the SIaM to the user's equipment is accompl ished by means 
of ET11 connectors. One ET11 connector is required for each eight bits of 10 bus, four con­
nectors per modu Ie. 

The SIaM is an example of an input/output module designed to the requirements of Section 4-2. 

4-28 EXTERNAL IN TERFAC E 

Table 4-2 I ists the pin assignments for the four front-edge cable connectors on each SIaM. The 
signals include the even and odd 16-bit input/output buses, 10 active, four external condition 
test lines, two multiplexed I/O interrupts, reset, two fast interrupts, and four byte disable 
signals. 

4-29 I/O FUNCTION S 

A single SIaM, shown in Figure 4-26, accepts data from two 16-bit input/output buses, 
N IOBUSEVnn and N IOBUSODnn, and places it on the A-Bus. The module accepts data from 
the C-Bus and stores it in an even or odd reg ister. From the reg isters data can be transferred 
out to the Va buses or returned to the A-Bus. These bidirectional, non-function committed 
innll+/,.,.II+nll+ hll~.o~ rn"", h.o 1I~.o'" + ... r ,..11 ~t.."", ~ .. ,.. .... ~4='"", ........................ 11 .............. : ...... ...J _t __ :_.L __ t ___ , -'_.L_ 
........ _., _....,.1'-"",1 _ ..... ___ "''-4/ _'-" "'_ ...... _ • ....,. ~ •• ••• ...., •• ""' •• "".""."'" .""" •••• u •• , IC'1U'ICY VI \All IIIICIIU"",IIIJi:;. \.lUlU, 

address, and control. They may be partitioned among these functions on either a byte (8 bits) 
or word (16 bits) basis. Data can be controlled in terms of four bytes: a left or right byte in 
either an even or odd reg ister or bus. 

As an example, suppose an interface requires an 8-bit address, a 16-bit data path, and 8 bits of 
control. Register n, left byte, may be assigned to the address; register n, right byte, to the 
control; and register n+1, to the data path. Output data is buffered, while input data is read 
directly from an 10 bus to the SCU. Moreover, the module provides four bus-direction signals 
under micro program control which may be used to control data flow direction on each byte of 
the two buses. 

In addition to these data transfer and storage functions, the SIaM accepts two multiplexed 
input/output interrupts, one for each word, which may be used for input/output rate control or 
any-other-device-to-SCU control functions. An 10 Active (strobe) pulse is provided which is 
automatically pulsed by the SIaM whenever the right byte or entire even-numbered bus is either 
read or written. Two fast interrupts allow very fast data throughput rates to be achieved. Sys­
tem reset may be used for initialization when power turn-on occurs. Four external-condition 
test I ines enable the SCU to check the status of external devices. 
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Figure 4-26. B lock Diagram, Standard Input/Output Modu Ie 



Table 4-2. SIOM External Interface 

P2 P3 P4 P5 

Component Side Etch Side Component Side Etch Side 

Signal Pin Signal Pin Signal Pin Signal 

NIOBUSEVOO 1 NIOBUSODOO A NIOBUSEV08 1 NIOBUSOD08 

01 2 01 B 09 2 09 

02 3 02 C 10 3 10 

03 4 03 D 11 4 11 

04 5 04 E 12 5 12 

05 6 05 F 13 6 13 

06 7 06 G 14 7 14 

NIOBUSEV07 8 NIOBUSOD07 H NIOBUSEV15 8 NIOBUSOD15 

SPARE 9 SPAREF1 K NIOACTNE 9 SPAREF2 

NEX(LE) 10 NEX(LO) L NEX(RE) 10 NEX(RO) 

SPARE 11 SPARE M NINT(E) 11 NINT(O) 

NRESET-1 12 NRESET-1 N NRESET-1 12 NRESET-1 

NFIRQ-1 13 NFIRQ-2 P NFI-l 13 13 NFI-2 

N DISABLE(LE) 14 N DISABLE(LO) R N DISABLE(RE) 14 N DISABLE(RO) 

Input loading is one unit load (TTL = 1. 6 rna) 

Output drive capability is 12.5 unit loads, except 10 Bus which is 29 unit loads less loads 
required for pullup resistors. 
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4-30 10 CONTROL 

Seven fields of the micro instruction participate in the control of functions on the SIOM. Six 
of these fields have been characterized, for input/output purposes, in Section 4-6.and defined 
in full in Section 3. The seventh field, 10 Control, is defined below, as used on the SIOM. 

When 10 tv\ode = 1 and C Bus/Reg ister Control is not Xl B I, bits 24-27 become the Input/Outpu t 
Control field. 

Bits 
24 25 

o 0 

o 

o 

1 

Bits 

26 ll.. 
o 0 

o 

o 

10 Control Function 

Read the 10 register addressed by the RA Select and Device Select fields 
to the A-Bus. 

Read the 10 register addressed by the RA Select and Device Select fields to 
the A-Bus and write the data from the C-Bus to the 10 register addressed by 
the RA Select and Device Select fields. 

Read the 10 bus addressed by the RA Select and Device Select fields to the 
A-Bus. 

Read the 10 bus addressed by the RA Select and Device Select fields to the 
A-Bus and write the data from the C-Bus to the 10 register addressed by the 
RA Select and Device Select fields. 

Special Control Function 

No change. 

Disable output to the 10 bus. (Inhibits output from 10 register byte 
addressed by RA Select, Device Select and A-Bus Control fields to correspond­
ing section of 10 bus. This output remains disabled until Enable 10 Bus 
occurs. ) 

Enable output to 10 bus. (Permits content of 10 register byte addressed 
by RA Select, Device Select and A-Bus Control fields to be transferred to 
corresponding section of 10 bus. This output remains enabled until 
Disable 10 Bus occurs.) 

Not assigned. 
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4-31 10 BUS 

The 10 Bus is a zero-volt true, TTL-compatible, bidirectional bus, diagrammed for a single 
I ine in Figure 4-27. Data to be output by the SCU to the bus is transferred from the C-Bus to 
a buffer register, using either the "read register/write register" micro opcode or the "read bus/ 
write register" micro opcode. If the corresponding 10 byte is enabled for output, the data is 
gated to the 10 bus. Data may be read to the A-Bus from either the output register or the 10 
bus, the latter allowing the SCU to perform turnaround testing of the SIOM. 

4-32 10 BUS DISABLE 

Each byte of the two 10 buses can be individually enabled for data output to the bus under 
micro program control, as shown in Figure 4-28. The byte to be enabled is addressed by RA 
Select, Device Select, and A-Bus Control. The Q output of the Enable fl ip-flop gates the 
output register to the 10 Bus. It is also provided to the user from an open collector driver as 
a bus direction control signal, N DISABLE. 

When NDISABLE is false, zero volts, output to the 10 bus from the 10 register of the selected 
byte is disabled and incoming data can be placed on this section of the 10 bus. When 
N DISABLE is high, output of the selected byte to the 10 bus is enabled and th is section of the 
bus shou Id not be used for input. 

4-33 10 ACTIVE 

program, using a pre-assigned 10 bus bit as the strobe signal. This usage minimizes special 
hardware on the 10 module, using micro opcode instead. 

There are, however, certain instances where this technique is either inconvenient or slow. For 
these cases, a single 10 Active signal is provided on each SIOM. This signal is keyed to one of 
the four 10 bytes on the module (the least significant byte of the even-numbered register). 

10 Active is generated unconditionally by two values of the 10 Control field: 

10 Read 10 Bus to A-Bus 

11 Read 10 Bus to A-Bus and Write 10 Register from C-Bus 

10 Active can be generated conditionally by the following value of the 10 Control field: 

01 Read 10 Register to A-Bus and Write 10 Register from C-Bus. The condition requires 
that the byte be enabled for output at the end of execution of the micro instruction; that is, 
either enabled by the current micro instruction, or enabled by a preceding micro instruction and 
not disabled by the current one. 
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Figure 4-29 shows the timing relationship between the instruction execution time, output data, 
and the 10 Active strobe as measured at the front-edge connector. The 10 Active strobe 
nominally occurs 100 nanoseconds after the micro instruction execution clock time, allowing 
60 nanoseconds from data stable to the leading edge of the strobe. The pulse is nominally 
150 nanoseconds in width. 

4-34 MULTIPLEXED 10 INTERRUPTS 

The SCU has a single interrupt level associated with general input/output. This interrupt level 
is multiplexed among the 10 locations and on the SIOM is submultiplexed between two interrupt 
inputs. See Figure 4-30. 

Receipt of an active-low interrupt, NINT(E) or NINT(O), from the user sets the Request flip­
flop on the next system clock, providing the SCU signal, NINTLOCK, is high. Request high 
permits three actions: 

1. Causes NIOINT to be pulled active-low, if the particular SIOM has priority 
(PRln = 1), initiating the multiplexed 10 interrupt routine in the SCU. 

2. Inhibits PRln+l, the priority signal for the next 10 module in the priority sequence. 

3. Enables transfer of the SIOM's device address to the A-Bus on receipt ofAXDASTROBE 
from the SC U. 

When the interrupt service routine begins, the SCU hardware automatically block disables the 
multiplexed 10 interrupts in order to avoid interference from other I/O interrupts. The I/O 
interrupts are re-enabled following the service routine. 

The user should generate I/O interrupt signals on an inquiry/response basis, as indicated in 
Figure 4-31. That is, an interrupt signal should be driven active-low and remain in this state 
until the micro program responds. This response may take the form of a pulse on a line of the 
10 bus assigned for this purpose. The micro program should not generate this response until it 
has determined which user device generated the interrupt. 

For more complete information on handling multiplex 10 interrupts, refer to subsection 4-13. 
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4-35 EXTERNAL CONDITION TEST 

Each SiaM accepts four external condition I ines at the connectors I isted in Table 4-3, loads 
the state of each line into a parallel register at each system clock, and multiplexes the one 
selected by micro opcodes to a single line, NEXT. This active-low signal is applied to the 
SCU, as described in subsection 4-17. 

With 10 fvbde true, the RA Select, Device Select, and 10 Control fields address the external 
condition lines as follows: 

1. The most significant six bits of RA Select and Device Select address the SiaM 
that is to present its external condition to the NEXT line. 

2. The least significant bit of RA Select and Device Select addresses the even or odd 
pair of external condition I ines on the selected SiaM. 

3. 10 Control selects the first or second external condition I ine of each even or odd 
pair as follows: 

Bits 
24 - 27 

o 000 

000 

Place Line 1 on N EXT line 

Place Line 2 on NEXT line 

The external condition I ine addressed is tested by means of Branch Control = X'4
1
, Test/Branch 

I:_L ____ I r __ -.l!L! __ C'_L __ VICI T __ Lln _____ L ~ __ L _____ I r ____ I·.! ___ n ___ • "1"1._ _.. I •• 
L;)ICIIIUI ",,"VIIUIIiVII Jel, VI '" <oJ, IC.,II UIUII'-'II LAICIIIUI ",,"UIIUIIIUII I'\~:>t:n. HI~ operaTion!) re:SUlflr1g 

from these two micro opcodes are set forth in detail in Section 3. Briefly, if the test is success­
ful, the least significant 12 bits of the C-Bus are loaded into the micro address register to serve 
as the next address. If not, the MAR increments. 

To implement this test, a means of getting the desired micro address to the C-Bus is needed. 
One means is the use of a skip micro instruction. For example, Skip On External Test Successful 
can be accompl ished by means of the following micro opcodes: 

I A 
a L 
M . RA Sel U RBSeI ABus BBus CB/Re BrCon ALUSeI laCon DevSeI 

I 1 Inn n 10 1 0 1 3 1 3 1 0 14 or 5 1 n n n 

A Bus Control = 3, transfers contents of the micro address register to A-Bus. It is 
important to note that the micro address transferred is the sequential 
address beyond the one corresponding to the skip micro instruction. 
That is, if the sk ip micro instruction is called n, the next micro address 
is n + 1. 
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RB Sel = 0 (This field defines Bit Position, when 10M = 1 and B Bus Control = 3.) 
Places a one in the least significant bit of the B-Bus, B 15. 

ALU fv40de = 0 

ALU Select = X'9
1 The hardware forces Cn to zero and the ALU performs A plus B. 
Since the value on the A-Bus is equivalent to n + 1 and the value on 
the B Bus is 1, the sum is n + 2. Th is sum is pi aced on the C-Bus. 

If the test is successful, the C-Bus n + 2 value is loaded into the micro address register at the 
clock following the skip micro opcode. All zeros are loaded into the micro control register 
at this same time. The micro instruction for micro address n + 2 is transferred into the micro 
control register on the second clock. In effect, the micro program skipped one micro instruction 
and used the second micro instruction. 

On the other hand, if the test is unsuccessful, micro address n + 1 addresses control memory via 
the memory address multiplexer, transferring micro instruction n + 1 to the micro control register 
at the clock following the skip micro opcode. The micro address register increments to n + 2 
at the same clock. (Micro instruction n + 1 should be devised to avoid micro instruction n + 2.) 

Note that the next micro address, if the test is successful, cannot be taken from the Immediate 
Address field or the Emit field, since 10 Control and Device Select preempt those fields. 

A(O-ll) <= MAR(O-ll); 

B 15 <= 1; 

C(0-15) <= A(0-15) plus B(0-15) 

If TEST = 1, then MAR(O-ll) <= C(4-15). PHIn; MCR(0-31) <= o. PHIn; 
MAM(O-l) <= MAR(O-ll); 
MCR(0-31) <= CM(O-31) (MAN\O-ll). PHIn + 1 

if TEST = 0, then 

MAM(O-ll) <= MAR(O-ll); 

MCR (0-31) <= CM(0-31) (MAN\O-11). PHIn; 

MAR plus 1 at PHIn. 

4-36 FAST INTERRUPTS 

The SCU accommodates two fast inteiiUpts fOi high-speed data transfers, as detailed in Section 
4-18. Each SIaM provides front-edge connectors to which to connect the Fast Interrupt Requests, 
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NFIRQn, and responses, NFIn, as listed in Table 4-2. The Fast Interrupt Requests are wired 
through the SIOM unchanged. The Fast Interrupt responses from the SCU are placed on the 
front-edge connectors from open-collector inverters on the SIOM. Both fast interrupts are 
made available through any SIOM. Both NFIRQl and NFIRQ2 have higher priority than the 
mul tiplexed VO interrupts. 

The fast interrupts, as they are made available through the SIOM, must be dedicated to a single 
high-speed VO device. Each fast interrupt cycle-steals a single cycle from the SCU to execute 
a single micro instruction which typically transfers a word or byte in or out between an 10 bus 
and scratch pad/main memory and increments a general reg ister which contains the memory 
address. 

Figures 4-32 and 4-34 show the fast-interrupt interface timing for a single data transfer or for 
multiple transfers at slower throughput rates. Times shown on the figures are measured at the 
Vo connector of the SIOM. Figures 4-33 and 4-35 show timing at maximum throughput rates. 
Note that for th is mode of operation, the interrupt request generated by the VO device, 
NFIRQn, may be held low for the entire duration of a block transfer. It must be raised within 
180 nanoseconds after the falling edge of the response pulse, FIn, for the last word to be trans­
ferred in order to assure that an extra interrupt is not triggered. 

4-37 SYSTEM RESET 

The system reset signal, N RESET, is driven low when either the SCU power supply goes on 
{whether because of manual action or following a power failure} or the Clear switch on the 
maintenance control panel is pressed. This signal may be used to reset the VO device inter­
face to a quiescent condition. 

4-38 TELElYPE, PAPER-TAPE, RTC INTERFACE 

The Teletype, Paper-Tape, Real-Time Clock module interfaces to and controls a teletype 
keyboard/printer and/or paper-tape reader/punch, a high-speed paper-tape reader, and a 
high-speed paper-tape perforator, and provides a real-time clock. 

This module can be installed in I/O location X'OO' or X'Ol' of the SCU. Each device is controlled 
independently. The devices can be operated simultaneously with or without using interrupts. 

The teletype controller interfaces to models ASR33, ASR35, KSR33, and KSR35, which have 
speeds of 10 characters per second. The micro program can cause the teletype to type out 
characters, and can read in characters typed on the keyboard. With the ASR model, the 
micro program can cause the unit to punch characters on a paper tape and can read in charac­
ters from a punched tape. 

The high-speed paper-tape controller interfaces to a 300 characters/second high-speed paper­
tape reader and a 75 characters/second high-speed paper-tape perforator. 

4-53 



NFl RQ~ A[l~\\~.W" 
--.t 740 ns max ~ 350 or 700 ns -., 1---180 ns max 

NFln "CD J 
NDATAIN 
(I/O BUS) 

---I 275 ns max \.-

\---1 
I'-t-- O. 8 or 1. 5 ns ® ---e--\ 1...-- 150 ns nom 

NIOACTIVE------------------------------~~ 

CD One Instruction Cycle 

(2) Two Instruction Cycles Plus 100 ns 

Figure 4-32. Fast Interrupt Timing for Single Input Data Transfer 

NFl RQN \~---:!~/"--_----..,,;:"CD==:::...1-_--~-.\ --L-..!-_-_-_--_-_.-~__'_\ ______ !_-_---L/.-IIJ.LIJJUbl'.LJ.WJ~UIJl 

NFln 

NDATAIN 
(I/O BUS) 

NIOACTIVE 

---1 14- 180 ns max 

\ RESP 1 I -\ RESP2 I \ RESP3/ 

\ ..... _V_/O_iY_.J _1_UJ;:.lmU.lJ.rHt:.o..:ij4A~\_vV_or_d_2 _ __'_'/~WJ'WI:..:..'II/..L!.l"i_v_Vo_r_d_3----1'" 

-\!j ~ ®1eJ 
----i O. 7 or 1. 4 nSec 1---

CD Request line may be held low to obtain 
maximum throughput rate. 

® Two instruction cycles 

Figure 4-33. Fast Interrupt Timing for Multiple Input Data Transfer 
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4-39 DATA FLOW 

This interface module places inputs from the devices on the A-Bus and takes outputs for the 
devices from the C-Bus, as shown in Figure 4-36. 

Teletype In. Serial data on one line from the teletype keyboard or paper-tape reader is con­
verted to parallel and multiplexed to the least significant byte of the A-bus. A status byte 
containing information on the current activity and condition of the interface module and the 
teletype, generated on the interface module, can also be multiplexed to the A-Bus. 

Teletype Out. The least significant eight bits of the C-Bus are converted to serial form and 
transmitted on one line to the teletype printer or paper tape punch. A control byte used to 
operate the teletype interface and teletype can be transferred from the least significant byte 
of the C-Bus to the teletype control logic. 

High-Speed Paper-Tape Reader. Eight bits of parallel data from the high-speed paper tape 
reader is multiplexed to the least signigicant byte of the A-Bus. Alternately, the high-speed 
paper tape status byte, originating on the interface module, can be multiplexed to the least 
significant byte of the A-Bus. 

High-Speed Paper Tape Punch. The least significant byte of the C-Bus is transmitted in parallel 
form via the high-speed paper tape punch output buffer to the high-speed paper tape punch. 
A control byte, used to operate the interface logic and the high-speed paper tape reader/punch 
can be transferred from the least significant byte of the C-Bus to the interface logic. In addi­
tion, the data in the output buffer can be multiplexed to the A-Bus. 

Real-Time Clock. The real-time clock is a counter stepped by a power line frequency (50 or 
60-Hz) signal from the SCU power supply. Any binary number from 0 to 255 can be preset 
into the counter from the C-Bus. This action also storts counting from the preset number up. 
The binary number in the counter can be multiplexed to the A-Bus. This action stops the 
counter. When the counter reaches the last count, 255, it generates a multiplexed 10 inter­
rupt. The counter continues to count after generating this interrupt until its counter is read 
to the A- Bus. 

4-40 SELECTION 

The 10 module is addressed by the RA Select (RSA01-03) and Device Select (EMIT28-3l) fields 
when 10M is true. The specific device on the 10 module, such as the teletypewriter, high­
speed paper tape punch/reader, or real-time clock, is selected by the 10 Control field (EMIT24-
27), defined in subsection 4-43. 

Two I/O addresses are available for this module: x·OO· or x·Ol·. The NEMIT31 line on the 
module is normally jumpered to provide address x·OO·, but this jumper can be removed and 
jurnpers added to invert t~Elv\IT31, providing address xIOP. 
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4-41 I/O INTERRUPTS 

Each device on the. module is capable of generating an input to the multiplexed I/O Interrupt 
under the following circumstances: 

a) Teletype: when the send buffer is empty or the receive buffer is fu II, providing the send 
or receive interrupt is armed. 

b) High-Speed Paper Tape: when the punch output buffer is empty or the reader input is: 
ready, providing the punch or reader interrupt is armed. 

c) Real-Time Clock: when the last count is reached. 

Each of these conditions sets a flip-flop on the I/O module wh i ch, in turn, gives rise to the 
active-low open-collector signal, NIOINT. Thus, whenever one or more devices are request­
ing service, NIOINT transmits this fact to the SCU. The SCU, however, can accept NIOINT 
only when the SCU I/O Interrupt is enabled. 

NIOINT causes the micro program to jump to control memory location x 10081, as detailed 
in Section 4-13. The micro program enables the transfer of the module's interrupt address to 
the A-Bus, as explained in Section 4-14. The modulels interrupt address is either x l801 or 
x 181 1, corresponding to the module address X'OOI or x 101' - that is, for interrupt purposes, bit 8 
of the A-Bus is forced to 1. This address is placed on the right byte of the A-Bus, providing the 
module currently has the highest priority and the interrupt micro instruction in control memory 
location x 10081 contains a Push function, C-Bus/Register Control = x IB' (Immediate Address), 
and 10M = 1. The address can also be read to the A-Bus by MCR = xIE'. 

The interrupt request NIOI NT remains low unti I the condition whi ch caused the interrupt is 
reset. The condition must be cleared before re-enabling the multiplexed I/O interrupt in order 
to prevent the initiation of another interrupt. The multiplexed I/O interrupt is re-enabled by 
executing a Pull to exit the interrupt handler routine. In responding to the interrupt, the SCU 
reads the teletype and paper tape status bytes to determine which of the devices caused the 
interrupt. 

4-42 Interface Connections 

Interface connections for the devices are listed in Table 4-3. The interface signals are defined 
in the following text. 
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Table 4-3. Device Interface Connections 

tvbdule Teletype 

Signal Pin Signal Pin 

Send (to Teletype) (TTYRTN 1) P2-1 P2-S 

Receive (from Teletype) (TlYIN) Pl-2 Pl-6 

Common Pl-3 Pl-4 
P2-5, 7 

Reader On + P2-4 P2-14 

Reader On - Pl-5 P2-15 

Reader 

RDATA1 P4-S CH1 J1-D 

RDATA2 P4-9 CH2 Jl-E 

RDATA3 P4-5 CH3 Jl-F 

RDATA4 P4-11 CH4 J1-H 

RDATAS P4-4 CH5 Jl-J 

RDATA6 P4-7 CH6 J1-K 

RDATA7 P4-6 CH7 Jl-L 

RDATA8 P4-10 CH8 J1-M 

SPKTB P4-2 SPKTB J1-N 

RFWD P4-1 FWD J1-1S 

RSTOP P4-3 STOP Jl-20 

Punch --
Data 1 PS-K Jl-1 

Data 2 PS-N Jl-2 

Data 3 PS-H Jl-3 

Data 4 PS-G Jl-4 

Data 5 PS-P Jl-5 
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Table 4-3. Device Interface Connections (Continued) 

fv\odu Ie Teletype 

Signal Pin Signal Pin 

Punch --
Data 6 P5-L Jl-6 

Data 7 P5-M Jl-7 

Data 8 P5-R Jl-8 

PCMD P5-D Jl-ll 

PRDY P5-E Jl-12 

NSYSRDY P5-F Jl-13 

Send: Serial, ll-unit code teletype signal consisting of start mark, eight character marks or 
spaces, and two stop marks. 

Receive: Same type of signal as Send. 

Reader On: Causes teletype paper tape to step. 

Common: Common for Send and Receive. 

RDATAn: Reader Data output lines, at +5v for a one, or hole condition, and Ov for a zero, or no 
hole condition. 

SPKTB: Sprocket Channel. A pulse of approximately 60 percent of data channel width. 

RFWD: Reader Forward moves paper tape forward. 

RSTOP: Reader Stop stops tape motion. 

DATAn: Punch data output lines, at +3v to +5v for a one, or hole condition, punched when 
the Punch Command is given, or Ov for a zero, or no hole condition. 

PCMD: Punch Command. Causes tape to advance one position and to punch hole if data is true. 

PRDY: Punch Ready. Indi cates the tape unit is ready to accept a Punch Command. 

NSYSRDY: System Not Ready. Indicates that power is off or internal voltages have not sta­
bilized. False state indicates that internal voltages have stabilized after power is turned on. 

The interface signals are automatically generated or received and processed in response to micro 
program instructions, defined in subsection 4-43. 
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4-43 MICRO PROGRAM CONTROL 

The Teletype, Paper Tape, and Real-Time Clock interface module is controlled primarily by the 
10 and Special Control field, as summarized in Table 4-4. In addition, 10 Mode must be true, 
and RA Select and Device Select used to address the module. 

Micro opcodes are assigned to allow bits 24 and 25 to select the device: 

24 25 Device 

o 0 Teletype 

o 1 High-Speed Paper Tape Reader/Punch 

o High-Speed Paper Tape Reader/Punch 

1 Real-Time Clock 

Bit 26 indicates data (0) or control/status information (1), and bit 27 specifies read (0) or write 
( 1). 

The mi cro program contra I operations and terms are defined in greater detai I in the following 
text. 

Bit 24-27 

(Hexadecimal) 

o 

2 

Function 

Read Teletype Data. Inputs a byte (character) from receiver buffer register 
to right byte of A-Bus. The data may be of two types, either ANSCII or 
binary. Convention requires that bit a is "0" for ANSCII data. Removes 
Receive Buffer Full interrupt. 

Write Data to Teletype. Transfers right byte of C-Bus to output buffer regis­
ter. Removes Send Bu ffer Empty interrupt. 

Read Teletype Status Byte. Inputs status byte from teletype interface unit to 
right byte of A-Bus. The teletype status byte conveys information on the 
current activity and condition of the controller and the teletype. This byte 
may be used in a sense mode where the micro program continually scans the 
byte or in an interrupt mode where the micro program responds to an interrupt. 
Each bit of the teletype status byte has the following significance: 

AOa: Data Overrun. Indicates that a data byte was left in the receive I 

buffer too long and an incoming data byte destroyed it. This condition 
may be cleared by reading the input buffer. 

A09: Real- Time Clock Interrupt. Detects real-time clock interrupt. 
This bit sets when the real-time clock counter overflows, and resets when 
the contents of the counter is read to the A-Bus. 

4-61 



Table 4-4. Teletype, Paper Tape, Real Time Clock Control 

24-27 
(Hexadecimal) Function Action* 

0 Read Teletype Data Tl=>A-Bus 

1 Write Data to Teletype C-Bus=>TT 

2 Read Teletype Status Byte TTS=>A-Bus 

3 Write Teletype Control Byte C-Bus=>TTC 

4 Read H S Paper-Tape Reader PTR=>A-Bus 

5 Not assigned. 

6 Read HS Reader/Punch Status Byte PTS =>A-Bus 

7 Write HS Reader/Punch Control Byte C-Bus=>PTC 

8 Not assigned. 

9 Write Punch Output Data C-Bus=>PTP 

A Not assi gned. 

B Not assigned. 

C Read RTC Counter and Reset RTC=>A-Bus 

D Write Output Data to RTC and Start C-Bus=>RTC 

E Not assigned. 

F Not assigned. 
'-----

* Definition of Terms 

PTC Paper Tape Control Byte for both reader and punch 

PTP Paper Tape Punch 

PTR Paper Tape Reader 

PTS Paper Tape Status Byte for both reader and punch 

PTC Rea I Time Clock 

TT Teletype 

TTC Teletype Control Byte 

TTS Teletype Status Byte 
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A 10: Break (Framing Error). A byte without the two stop bits has been 
received. This condition is interpreted as ~ long space or break. After 
Break has been detected, it is necessary to input a byte to clear Break. 
Break disappears at the next input byte. In responding to Break, do not 
use control bit, reset All. 

All: Tape Reader Started and Busy. Start Reader-Continuous or Step 
Reader Once command has been given and binary data should be coming 
in from the paper-tape reader at the rate of one character per hundred 
milliseconds. This bit is reset either by a Reset All command or , when 
the Step Reader Once command is used, by the next character received. 
The Step Reader Once command a I lows the next byte to be read before 
actually stopping. 

A 12: Receive Interrupt Armed. The arm receive interrupt fl ip-flop is set. 
Data coming in from the teletype causes an interrupt when the receive 
buffer is full and the 10 Interrupt is enabled. This interrupt is reset by 
Read Data, Reset All, or Disarm Receive Interrupt commands. Read Data 
removes the cause of the interrupt, whi Ie the other two disarm the receive 
interrupt, resetting this bit to zero. 

A 13: Send Interrupt Armed. The arm send inte;rupt fl ip-flop is set. 
Data going out to the teletype causes an interrupt when the send buffer 
is empty and the I/O Interrupt is enabled. This interrupt is reset by 
Write Data, Reset All, or Disarm Send Interrupt commands. Write Data. 
removes the cause of the interrupt, while the other two disarm the send 
interrupt, resetting this bit to zero. 

A 14: Receive Buffer Full. A complete byte has come into the input 
register. This byte must be transferred to the SCU within 100 milli­
seconds or data overrun occurs. This bit is reset by Read Data or Reset 
All commands. 

A 15: Send Buffer Empty. The data byte in the holding register has been 
inserted into the output register and a new data byte is needed. This 
bit is set true after a Reset All command. This bit is reset only by out­
putting a data byte (Write Data to Teletype). 

Write Teletype Control Byte. Outputs teletype control byte from right byte 
of C-Bus to teletype interface unit. The teletype control byte controls the 
operation of the controller and teletype. Each bit of the teletype cootrol 
byte has the following significance: 

C08: Reset All. Resets interrupt tlip-flops, data registers, data fu II, and 
test mode. Also sets Send Buffer Empty teletype status bit. In essence, 
this command clears the I/O device. If a byte is being transmitted, this 
command stops the data transmission. 

C09: Test Mode. Selects a test mode for the teletype interface portion 
of the module. This mode provides a turnaround test capability for the 
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teletype data path. When the control byte is output with this bit a one, 
the Test Mode flip-flop sets and switches the receiver input data from the 
teletype to the transmitter output. The data output may be read back in 
and compared with the output data using the 10 Control functions. The 
teletype may remain connected to the module with the teletype power on 
or off. If the power is on, the teletype prints and/or punches the output 
data. No input data may be accepted from the teletype in the Test Mode. 
The Test Mode is reset by the Reset All command or by the SCU rna i nten­
ance control panel Clear switch. 

C10: Step Reader Once (Stop Next). Starts a 30-millisecond pulse 
after whi ch the Start Reader--Continuous fl ip-flop resets, insuring 
reading one more byte, otherwise reads one byte only if the unit was 
not busy. Teletype Status Byte, Bit 11, goes to zero when the next byte 
is received. This command serves as the stop command for the Start 
Reader--Conti nuous command mode. 

C 11: Start Reader--Continuous. Starts reader reading in continuous mode. 
mode. Reader continues to read until Step Reader Once (Stop on Next) 
or Reset All command is issued. 

C 12: Disarm Receive Interrupt. Disarms the receive interrupt, prevent­
ing the I/O interrupt from being generated when the receive buffer is 
full. Has no effect on Receive Buffer Full teletype status bit. 

C 13: Disarm Send Interrupt. Disarms the send interrupt, preventing the 
I/O interrupt from being generated when the send buffer is empty. Has 
no effect on Send Buffer Empty teletype status bit. 

C 14: Arm Receive Interrupt. Sets the receive interrupt fl ip-flop to 
a lIow an interrupt to occur any time the rece iver buffer is fu II. 

C15: Arm Send Interrupt. Sets the send interrupt flip-flop to allow an 
interrupt to occur any time the send buffer is empty and the I/O inter­
rupt is enabled. 

Read HS Paper-Tape Reader. Inputs a byte (character) from the high-speed 
paper tape reader to the right byte of the A-Bus. To initiate data input from 
the paper tape reader, a paper-tape/control byte with bit 13, Start Reader, 
true is issued, by means of 10 Control = x I 7·, Write Reader/Punch Control 
Byte. Bit 11, Arm Reader Interrupt, maya Iso be true in order to arm the data 
input interrupt. Then, the interrupt generated for each character by the 
sprocket channel sets bit 15 of the paper tape status byte, Input Data Ready 
(Reader). The input data is avai lable for approximately 1. 5 mi IIiseconds 
maximum after the interrupt request. Reading the data resets bit 15 of the 
paper tape status byte, Input Data Ready ·(Reader) and the interrupt request. 
When a II of the data has been read, the reader is stopped by output of the 
paper tape control byte with bit 14, Stop Reader, true. If a singie character 
is to be read at a time, the reader is started and stopped after each character 
is read. To stop the reader on a character or space after the character, the 
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6 

7 

stop command must be output within 50 microseconds after the Input Data 
Ready goes true. 

Figure 4-37 is a timing diagram of data input from the reader and Figure 4-38 
is a flow diagram of this input. 

Not assigned. 

Read HS Reader/Punch Status Byte. Inputs reader/punch status byte to right 
byte of A Bus. The paper-tape reader/punch status byte conveys information 
on the current activity and condition of both the reader and punch. This byte 
may be used in a sense mode where the micro program continually scans the 
byte or in an interrupt mode where the micro program responds to an interrupt. 
Each bit of the reader/punch status byte has the following significance: 

A08: Not used. 

A09: Punch Power On. Indicates that punch power is on and internal 
voltages have stabilized. 

A 10: Punch Interrupt Armed. Punch buffer empty interrupt has been 
armed and interrupts are allowed, providing-the multiplexed I/O 
interrupt is also enabled. 

All: Punch Not Ready. Indi cates punch power is off or the punch is not 
ready to accept data or a punch command. This bit is true during the 
punch cycle for approximately 13 milliseconds after the punch command. 

A 12: Punch Output Buffer Empty. Output data buffer reaister is emtov 
and may accept ~nother data byte.' -. I 

A 13: Reader Run Control Set. Sets when paper-tape control byte bit 
13, Start Reader, is true. Indi cates that the reader is set to run and is 
busy. 

A 14: Reader Interrupt Armed. Sets when reader interrupt is armed to 
a Ilow input data interrupts. 

A 15: Reader Input Data Ready. Sets when data may be input from the 
reader and resets after data is input. 

Write HS Reader/Punch Control Byte. Outputs reader/punch control byte 
from right byte of C Bus to high-speed paper-tape reader/punch interface 
unit. This control byte controls the operation of the controller and paper 
tape. Each bit of this control byte has the following significance: 

C08: Arm Punch Interrupt. Enables punch buffer empty interrupt, allow­
ing the multiplexed 10 interrupt from the punch to be generated. 

C09: Disarm Punch Interrupt. Disables punch buffer empty interrupt, 
preventing the multiplexed 10 interrupt from the punch. 

C 10: Reset Punch Interface Unit. Unconditionally resets all control func­
tions of the punch interface, including buffer empty, punch ready, and 
disarm punch interrupt. 
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Figure 4-37. Timing Diagram, Paper Tape Reader Input Data 
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8 

9 

ell: Arm Reader Interrupt. Enables reader input data interrupt, a lIow­
ing the multiplexed I/O interrupt from the reader to be generated. 

C 12: Disarm Reader Interrupt. Disables reader input data interrupt, 
preventing the multiplexed I/O interrupt from the reader. 

C 13: Start Reader. Starts forward motion of paper tape and sets reader 
in run mode. 

C 14: Stop Reader. Stops motion of paper-tape reader. To stop the 
paper tape reader on a character or on the space following the charac­
ter, the stop command must be applied within 50 microseconds from the 
time that the stop character is read. 

C15: Reset Reader Interface Unit. Unconditionally resets all control 
functions of the reader interface, inc luding start contro I, interrupt, and 
reader ready. 

Not assigned. 

Write HS Punch Output Data. Transfers right byte of C Bus to paper-tape 
punch, output data buffer register and generates the punch command. Data 
may be outputted to the paper-tape punch a single byte at a time, with or 
without using the input to the multiplexed 10 interrupt. Punch timing is 
diagrammed in Figures 4-39 and 4-40. 

Without Interrupt. If the interrupt is not being used, the paper-tape status 
byte is brought in by means of 10 Control = x'6' and tested for Punch Power 
On (bit 9), Punch Not Ready (bit 11), and Punch Output Buffer Empty (bit 12). 
If these conditions are met, a data byte may be output by means of Write 
Punch Output Data. Upon loading the data buffer register, a punch command 
is generated and status bit 11, Punch Not Ready, sets and status bit 12, Punch 
Output Buffer Empty, resets. Punch Not Ready status remains true for 13 
mi Iliseconds. 

With Interrupt. If the multiplexed I/O interrupt is being used, the paper­
tape control byte with bit 8, Arm Punch Interrupt, is output initially by 
means of 10 Control = Xl?'. Then, provided Punch Pow~r On and Pun~h 
Output Buffer Emtpy are true and Punch Not Ready is false, an output to the 
multiplexed I/O interrupt is generated. As a resu It of the interrupt, the SCU 
reads the address of the I/O modu Ie to the A-Bus and reads the status bytes to 
determine whi ch of the devices caused the interrupt. Paper-tape status byte 
is read in by means of 10 Control = x'6'. If status bit 12, Punch Output 
Buffer Empty, is true, a data byte may be output by means of Write Punch 
Output Data command. Upon loading the output data buffer register, a punch 
command is generated and status bit 12, Punch Output Buffer Empty and the 
interrupt request reset. Punch Not Ready status sets and remains true for 13 
m ii iiseconds, preventing the generation of another interrupt. 
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Upon completion of output data to the punch, a punch reset should be 
executed or the punch interrupt disarmed to inhibit any additional interrupt 
requests from the punch. 

Not assigned. 

Not assigned. 

Read RTC Counter and Reset. Reads contents of the real-time clock counter 
to the ri ght byte of the A-Bus, stops the RTC counter, and resets the interrupt 
request. The input data read is the one's complement of the actual count. 

Write Output Data to RTC and Start. Outputs a data byte from the right 
byte of the C-Bus to the eight-bit real-time clock counter and starts the 
RTC counter. The output data byte must be the one's complement of the 
actua I number of counts requ ired. 

Not assigned. 

Not assigned. 
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SECTION V 

OPERATOR CONTROLS 

The System Control Unit is capable of operating automatically without operator controls or 
indi cators, of be ing operated manually from the optional control pane I, or of be ing exerc ised 
by means of a resident field verification micro program. 

5-1 AUTOMATIC OPERATION 

The SCU can operate automatically without operator controls or indicators in some operating 
modes. One example is the operating mode in whi ch the control micro program is fixed in a 
read only memory. In this case, when power is turned on, the un it executes a power-on interrupt 
and proceeds to execute the micro program. A control panel is not needed for this type of 
operation. 

In other operating modes, however, a control panel may be necessary in order to load external 
data into the SCU. One example is the emulation mode, in which a macro instruction set is 
loaded from an VO device into scratch pad/main memory. Another example is the mode in 
which one micro program can be substituted for another in a random-access read/write control 
memory. 

In short, whenever the mode used requires loading scratch pad/main memory or read/write 
control memory on an unpredictable basis (that is, when loading cannot be planned in advance 

I· I _1- _I ___ ! ____ ! ___ L ____ L! ___ !.- LL_ !! ... _-I _: __________ \ ,"L~ ___ .&. ....... 1 ....... _ ... ""'1 :". ... """ ...... : ... .e,..l 
ana H1CIUUt:::U 0;' 1f1ll;IU 1I1;)IIU~IIUII;) III IIIC IIACU IIII\..IV t-'I~IU"I/' 111'1;> \,oVIIIIV' 1'"'''''''''''' .... "'1v ...... "". 

5-2 CONTROL PANEL 

The maintenance control panel, Figure 5-1, provides controls and indicators that are used to 
display the current status of the machine and to make changes in that status. The panel serves 
three purposes: 

1. To load data from an I/O device into scratch pad/main memory and/or read/write 
control memory. 

2. To debug or check out programs. 

3. To maintain or troubleshoot the machine. 
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Figure 5-1. Maintenance Control Pane I 



5-3 CONTROLS 

Controls include 16 Data Entry switches, four switches to enter data into registers or the C-Bus, 
five function switches, and one rotary display select switch. 

Data Entry. The state set in these 16 switches is entered into the Micro Control Register, Micro 
Address Register, or C-Bus when one of the following switches is pressed: 

MCR-1 Alter. When pressed, enters the data into the most significant half of the Micro Control 
Reg ister. 

MCR-2 Alter. When pressed, enters the data into the least significant half of the Micro Control 
Register. 

MAR Alter. When pressed, enters the data into the Micro Address Register. 

C-Bus Alter. When pressed, enters the data onto the C-Bus and executes the micro instruction 
in the Micro Control Reg ister while block ing other sources from the C-Bus. Data entry is 
inhibited in Run mode. 

Clear. When pressed, resets the Micro Control Register, Micro Address Register, Interrupt 
Register, and Status Register. 

Run. When pressed, transfers the SCU from Hal t to Run mode. That is, the Run switch appl ies 
the master clock to the timing and control logic, permitting micro instructions to be executed 
--- --- _L! _______ 1_ .L!__ All _.1.1- ______ !.L_L ___ .. ___ .1. u_l.J __ ...I A .• .L_I __ .J ___ :_L:L:.L_.J ... L __ .LL_ 
UII IIIU~II"I~ ~1~'~ IIIII~. 1"'\11 V"I~I ;)VVII'-'I~;) CJI..\..cp' IIVIU UIIU r\UIVIVUU U .. ::; tllIl"..Il1eU VVllell IIle 

Run switch is active. 

Step. Each time the Step switch is pressed, the SCU fetches the next micro instruction while 
executing the present micro instruction. This switch is useful in troubleshooting and program 
debugging. 

Hold. When pressed, allows the execution of the micro instruction presently contained in the 
Micro Control Reg ister, but does not advance or change the contents of th is reg ister. The 
Micro Address Register is not modified by the micro instruction being executed. 

Autoload. This switch has two functions, depending on the state of Run switch. When the SCU 
is halted (Run switch off), pressing this switch fetches the micro instruction in control memory 
location X' A', the Autoload function. This micro instruction, when the Step/Run switch 
sequence is performed, normally leads to a control memory subroutine that loads data from a 
peripheral unit into the main memory. When the SCU is running (Run switch on), pressing this 
switch fetches the micro instruction in control memory location X'B', the Console Interrupt 
function. This micro instruction may lead to a Console Interrupt subroutine. 
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Select. A six-position rotary switch used to inspect data in registers and buses: 

1. MCR-1: fv40st sign ifi cant 16 b its of Mi cro Control Reg ister 

2. MCR-2: Least significant 16 bits of Micro Control Register 

3. MAM: N\emory Address M.dtiplexer (12 bits) 

4. C: C-Bus (16 bits) 

5. B: B-Bus (16 bits) 

6. A: A~Bus (16 bits) 

5-4 IN DICA TORS 

The indicators are red I ight emitting diodes, arranged in three rows; Interrupt status, Machine 
status, and Reg ister or bus data. 

In Run mode the indicators come on and go off at one-eighth the micro instruction operating rate 
and therefore cannot be interpreted correctly. In Step mode the ind i cators are on or off for the 
period between operations of the Step switch. 

5-5 Interrupt Indi cators 

The top row of indicators contains six light-emitting diodes that report from left to right in order 
of priority the state of the six bits in the Interrupt Register on the MCR-1 module: 

PROFF. Power Off. The indicator illuminates during the micro-instruction cycle after the 
receipt of the Power Off signal from the power supply reporting that power is dropping. 

PRONe Power On. The indicator illuminates during the next micro-instruction cycle after the 
receipt of the Power On signal from the power supply reporting that power has returned. 

FIl. Fast Interrupt 1. The indicator illuminates during the next micro-instruction cycle after the 
~ipt of Fast Interrupt 1 and remains on until the higher priority Power On interrupt subroutine, 
if it is in process, is completed. 

FI2. Fast Interrupt 2. The indicator illuminates during the next micro-instruction cycle after 
the rece ipt of Fast Interrupt 2 and remains on until any higher priority interrupt subroutines, if 
any are in process, are completed. 

10. Input/Output. The indicator illuminates during the next micro-instruction cycle after the 
receipt of the input/Output interrupt, providing data from an Va module is not presently being 
accepted, and the Va interrupts are enabled. The indicator remains on until any higher 
priority interrupt subroutines, if any are in process, are completed. 
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ER. Pariiy Error. The indicator illuminates during the next micro-instruction cycle after the 
rece ipt of a Pariiy Error interrupt, reporting a pariiy error in control memory, scratch pad, or 
main memory. The indicator remains on until any higher priority interrupt subroutines, if any 
are in process, are completed. 

5-6 Status Ind i cators 

The second row of indicators reports the state of the six status terms currently contained in the 
Status Register; plus the External condition line: 

OV. Overflow. This indicator illuminates in arithmetic operations if the result of the A 
operand and the B operand is greater than the largest number that can be accommodated in the 
bit space available, either 8-bit or 16-bit operation. In addition, this indicator represents the 
current state of the special function, Set Overflow Flag, or the previous state of the same function 
being pulled from the Push Stack. 

C = O. C-Bus Equals Zero. This indicator illuminates when direct examination of the C-Bus 
establishes that all Cbits are false, or when the C=O term being pulled from the Push Stack is 
true. 

CMSB. C-Bus fv\ost Significant Bit. This indicator represents the state of COO in word operation 
or C08 in byte to byte operation, indicating the sign of the number on the C-Bus: 0 for positive, 
1 for negative. During a Pull micro opcode, the indicator assumes the state of the CMSB term 
being read out of the Push Stack. 

CARRY. Carry. This indicator represents the state of the Carry bit from the most significant bit 
of either the byte or word being operated on. During a Pull micro opcode, the indicator assumes 
the state of the Carry term being read out of the Push Stack. 

ENABLE. Enable VO Interrupts. This indicator represents the state of the MCR Control micro 
opcode, Enable VO Interrupts, or the previous state of the same function being pulled from the 
Push Stack. 

TRAN. Control fv\ode Flag. This indicator represents the state of the current special function, 
Set Control fv\ode Flag, or the previous state of the same function being pulled from the Push 
Stack. 

EXT. External Condition Test Bit Flag. This indicator represents the state of the external sense 
line defined in the RA Select and Device Select fields only. NOTE: No provision is made to save 
the status of this bit during a PUSH/PULL operation. 

5-7 Reg ister Display Indicators 

The third row of indicators reports the state of 16 bits of the register or bus selected by the 
Select rotary switch. 
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5-8 MANUAL OPERATION 

A variety of manual operations can be carried out from the Maintenance Control Panel, for 
example--

To examine the operation of a particular few micro instructions somewhere in the control 
memory: 

1. Press Clear switch, resetting the Micro Address Reg ister, the Mi cro Control Reg ister, 
and other registers. 

2. Enter the micro address for the first micro instruction of the control memory sequence 
to be examined on the 12 low-order Data Entry switches. 

3. Press the MAR Alter switch, entering this micro address into the Micro Address Register. 

4. If desired, the 12-bit micro address can be inspected on the Reg ister Display by 
turning the Select rotary switch to the MAM position. 

5. Press Step switch, generating a single clock which transfers the micro instruction 
addressed by the micro address to the 32-bit Micro Control Register. This clock also 
advances the Mi cro Address Reg ister to the next micro address. 

6. If desired, the content of each half of the Micro Control Register can be inspected on 
the Register Display by turning the Select rotary switch to the MCR1 or MCR2 position. 

7. From this point, operations depend upon the micro opcodes contained in the micro 
instruction now in the Micro Control Register. In general, however, inputs to the 
Ar i thme ti cLog i c Un its can be observed on the A-Bus and B-Bus and the resu I t of the 
logical or arithmetic operation on the C-Bus. 

8. Press the Step switch again, placing the next micro instruction in the Micro Control 
Register. The results of these micro opcodes can now be observed on appropriate 
L _ _ _ _ .". ouses or reg Isrers. 

5-9 FIELD VERIFICATION 

The optional Field Verification Nbdule contains a set of 256 micro instructions in a read only 
memory similar to a control memory. This micro program verifies the operation of all configur­
ations of standard and optional modules, except input/output modules, translators, and maintenance 
con tro I pane I. 

The diagnosti c procedure follows: 

Turn off SCU power. Place Test switch (51) on Field Verification module in location 11 in ON 
position. Place Bank Select switch (52) on Field Verification module in SEL 1 position. 
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Turn SCU power on, causing the unit to execute a modified Power On interrupt to control 
memory location XI F05 1 where the first micro instruction of the fielJ verification micro program 
is stored. 

From this micro instruction, the field verification micro program proceeds automatically through 
the steps listed in Table 5-1. 

The micro program halts if any step fails. The micro address of the halt is displayed on eight 
light-emitting diodes, DS9 - DS16, on the Field Verification module, indicating the micro 
instruction that could not be completed. 

Table 5-1. Functions Tested by Field Verification Micro Program 

Halt Functions Tested Modules Involved 

03 Transfer bits 20-31 of micro instruction (immediate address) MCR 1, MCR2, 
from Micro Control Register via A-Bus, ALU, C-Bus to Micro MAR, ALU 
Address Reg ister . 

34 Store data successively in every address of general registers GR 
0-7, read out, and compare with original data in. 

38 Test word-length arithmetic operation designed to result in ALU 
a negative number on the C-Bus. 

3A Test word-length arithmetic operation designed to result in ALU 
overflow. 

3D Test arithmetic operation designed to result in zero on C-Bus. ALU 

3E Test arithmetic operation designed to result in a carry. ALU 

42 Test remaining arithmetic functions, designed to result in ALU 
C-Bus = O. 

50 Test logical operations ALU 

-
54 

55 
~ Test byte mode arithmetic operations ALU 

57 

58 
~ 

7A Push data into push stack 16 times and pull data from push MAR 
stack 16 times. 
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Table 5-1. Functions Tested by Field Verification Micro Program (Continued) 

Halt 

7E 

81 

86 

88 

8E 

92 

96 

AA 

D9 

Functions Tested 

Enable 10 Interrupts, simulate all interrupts (except Power 
On), and test receipt of all interrupts .• Halt signifies no 
interrupt rece ived. 

Test Autoload or Console Interrupt priority 

Test Error Interrupt priority. (When testing control 
memory, scratch pad, or main memory, if a parity error 
occurs, the field verification micro program returns to this 
test and ha Its at th is location.) 

Test 10 Interrupt priority. 

Test Fast Interrupt 2 priority. 

Test Fast Interrupt 1 priority 

Test Power Off Interrupt priority. 

Write into each read/write control memory location, 
read and compare with data in; or read each control memory 
read only location and obtain check sum of zero. (CM ROMls 
are programmed with one word equal to a constant that makes 
the sum of all words in all CM ROMls installed zero.) If 
program stops at this step, replace CM ROM modules one by 
one with spares containing the same micro program until the 
defective module is found. 

Write and read walking lis and OIS pattern in scratch pad/ 
main memory by pages. If program stops at this step, -the 
B-Bus indicators, DS 1 - DS8, on the Field Verification 
module give the binary number of the 256-word block of 
memory at wh ich failure occurred. 

FB Test complete. The B-Bus indicators give the binary number 
of the 256-word block of memory successfully tested. 

FB To run the field verification micro program in a loop, without 
halting at FB, place EXT switch (53) on Field Verification 
module to ON. Start test by turning SCU power off, then on, 
as before. Stop test by placing Test switch (51) on Field 
Verification module to OFF position. 
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Input General Arithmetic Scratch Main Instruction 
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(0-15) ~0-15) (OP) (OP) 
{OP} Y1 (OP) 0 ;1 0 ;1 

I/O Bus 

Interrupts 

2:1 Add/ 

MUX Subtract 
I 

....----MCRO-15 

Maintenance 
Control 
Panel 
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Legend: 
I. 0 indicates clocked register. 
2. All lines carry 16 signals unless 

marked otherwise. 
3. (OP) indicates option. 
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ALU Select 

ALU Mode Reset ALU Mode Set 

ALU Select Arithmeti c Function Arithmetic Function 
Bits 20-23 Carry In False Carry In True 

(Hexidecimal) (Branch Control - 0) (Branch Control = 1) Logic Function 

0 C -< A C <~ A plus 1 C <= A ] r---- J I 
RA 1 

2 

3 

4 

5 

6 

7 

8 

9 

A 
-

B 

C 

D 

E 

F 

Bits 

8 9 

0 a 

0 1 

i Ii 

1 1 

Bits 

10 11 

0 a 

0 1 

1 0 

1 1 

C<=A+B C < A+B C <= (A + B) plus 1 

; C < A+B C<='(A+ B) plus 1 C ~ A· B 

0 
SELECT 

M 

: C <c Minus 1 C < a C <= 0 

C <= A plus A· B C <= A plus A· B) plus 1 C <= A· B 

C <= (A + B) plus A· B C <= (A + B) plus A· B plus 1 C <= B 

C <= A minus B minus 1 C <= A minus B C <= AVB 1 I 
C <= A· B minus 1 C<= A' B C <= A· B o 
C <= A plus A· B C<= A plus A· B plus 1 C ~ A+ B 

C <= A plus B C <= A plus B plus 1 C ~ AVB 

C <= (A + B) plus A· B C <= (A + B) plus A' B plus 1 C ~ B 

C <= A· Bminus 1 C<= A· B C ~ A' B 

C <= A plus A C <= A plus A plus 1 C <= l's 

C <= (A + B) plus A C <= (A + B) plus A plus 1 C ~ A+ B 

C <= (A + B) plus A C <= (A + B) plus A plus 1 C ~ A+ B 

C <= A minus 1 C<= A C <= A 

Key: n = 1 's complement of n; + = OR function; 
AND function; plus = add; minus = subtract; 

-¥= Exclusive OR function; <= = Replaced with. 

A-Bus Control 

C-Bus/Register Control 

Function Bits 12-15 

RA Selected Source to A-Bus 
(Hexadecimal) Function 

Left Byte of A-Bus to ALU-A (Right Justified) 
0 No Strobe to any Register 

1 C-Bus to MAR (2 Clock Periods) 

Kight iiyte at A-tlus to AlU-A (Right Justified) 2 Use 10 Mode, RA Select, Device Select and A-Bus 
Control as Destination 

MAR to A-Bus (Right Justified) 
3 Use RB Select and B-Bus Control os Destination 

4 Shift ALU Left One; Use 10 Mode, RA Select, 
Device Select and A-Bus Control as Destination 

B-Bus Control 
5 Shift ALU Left One; Use RB Select ond B-Bus 

Control as Destination 

Function 6 Shift ALU Right One; Use 10 Mode, RA Select, 
Device Select, and A-Bus Control as Destination 

RB Se lected Source to B-Bus 7 Shift ALU Right One; Use RB Select and B-Bus 
Cantrol os Destinotion 

Left Byte of B-Bus to ALU-B (Right Justified) 
8 Increment B-Bus and Place Result in Register 

Right Byte of B-Bus to ALU-B (Right Justified) Selected by RB Select 

9 Increment B-Bus; C-Bus to MAR (2) 
!fIOM = 0, Emit Field to B-Bus (Right Justified) 

A Increment B-Bus; Use 10 Mode, RA Select, 
!f 10M = 1, RB Select Defines Bit Position on Device Select, and A-Bus Control as Destination 

B (8-15). 
B If 10M = 0, Immediate Addressing Invaked to MAR, 

RB Select [f 10M = 1, Device Address for 10 Interrupt 

Bits C Increment B-Bus; Shift ALU Left One; Use 10 Mode, 
5 6 7 Bit Position Assignment 
--- RA Select, Device Select and A-Bus Control as 

Destination 
0 0 0 1 to B15 

D Not Assigned 
0 0 1 1 to B14 

E Increment B-Bus; Shift ALU Right One; Use 10 Mode, 
0 1 0 1 to B13 RA Select, Device Select, and A-Bus Control as 

0 1 1 1 to B12 Destination 

1 0 0 lto BlI F Decrement B-Bus; Use 10 Mode, RA Select; 
Device Select, and A-Bus Control as Destination 

1 0 1 I to BIO 

I I 0 I to B09 

1 1 1 1 to B08 

RB 
SELECT 

A 
L 
U 
M 

BIT 
SWITCH 

I I 

4 5 6 

ALU MCR DEVICE 
SELECT CONTROL SELECT 

OTHER MCR X'A' 
DEVICE 

FUNCTIONS Sf LECT 

A-BUS B-BUS C-BUS/REG BRANCH ALU I/O DEVICE 

CONT. CONT. CONTROL CONTROL SELECT CONTROL SE LECT 

ALU EMIT FIELD 
SELECT 

IMMEDIATE ADDRESS FIELD 

I I I I I .1 .l. .J 1 I I I 1 I I I I i .l. 
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Other Functions 

Bits 
20-23 Other Functi ons 

(Hexadecimal) (MCR X'A') 

8 Reset OV Flog 

9 Set OV Flag 

A Reset Control Mode Flag 

B Set Contml Mode Flag 

I/O Mode 

Bit RA Select RB Select 

0 Mode Bits 1, 2, 3 Bits 5, 6, 7 

0 General Register Addresses GR(0-7} Addresses G R(0-7) 

1 I/O With Bits 28-31 Addresses GR(0-7) 
(Device Se[ect) 
Addresses [0(0-127) 

MCR Control (10M = 0; BBC 13; CB/Re 1 X'B') 

Bits 24-27 
(Hexadecimal) Function 

0 No Special Function 

1 C-Bus To Translator (Optional) 

2 Reset MAR (2) 

3 Reod Vector 1 to A-~ from Translator (Optional) 

4 Enable I/O Interrupts 

5 Reod Vector 2 to A-Bus From Translatar (Optional) 

6 Disable I/O Interrupts 

7 Reod Argument to B-Bus from Translator (Optional) 

8 Read MCP Data Entry Switches to C-Bus (Optional) 

9 Not Assigned 

A Other Functions 

B Not Assigned 

C Write Micro Control Memory (Optional) (2) 

D Reod Micro Control Memory 

E Reod I/O Interrupts to A-Bus 

F Not Assigned 

Branc h Can tro I 

Bits 16-19 
(Hexodec imal) Function 

0 Normal Mode Carry False 

1 Normal Mode Carry True 

2 Read Scratch Pot 1 /Main Memory 
2 

3 Write Scratch Pad 
1 

/Moi n Memory 
2 

4 Test/Branch on External Condition Set 
3 

-.~---. 

5 Test/Branch on External Condition Reset 

6 Push 4 

7 Pull 
2 

---

8 Test/Branch OV 1 
3 

9 Test/Branch C-Bus 0 
3 

A T est/Branch Carry 1 
3 

B Test/Branch CMSB 1 
3 

C Test/Branch OV I 1 
3 

D Test/Branch C-Bus I o 3 

E Test/Branch Carry I 1 
3 

F Test/Branch CMSB I 1 
3 

CDone Clock Period For Scratch Pad 

(3) Double Clock Period for Main Memory 

00ne Clock Period iF Unsuccessful; Double Clock Period 
if Successful. 

--

10ptional) 

10ptional) 

3 

00ne Clock Period with Immediate Addressing; Double Clack 
Period Otherwise. 

A-3/A-4 


